Abstract. We use an established transmission gear system to analyze its dynamic response. First, a brief description of the modeling process is given. Then, we listed the dynamic equations of gears, shafts and bearings. New mark-β method was used to solve the equations and Fourier transform was used to obtain the frequency domain response. Finally, we analyze the dynamic response and the factors which can influence the dynamic response.
Introduction
First, an accurate model of the transmission gear system should be built to research the dynamic characteristics. At present, many people research on the meshing dynamics model of single stage gear pair. The single gear pair dynamics model simplifies the gear system by cancelling the detailed modeling of shaft and bearing. In this way, they can only get very little dynamic information and the information is not able to provide to all characteristics of gear system dynamics [1] . Most of the research on gear dynamic modeling is based on the reducer. However, the research on the transmission with many shifts and multiple gears is less. Based on the generalized finite element method, the dynamic model of the universal parallel shaft gear transmission system is given by passage [2] . But it only gives out one example of single stage gear pair. As for the transmission system with three axles, it is made up of multistage gear pair and many shifts which can be switched. So its structure is quite different from the ordinary reducer. This paper gives out a brief description of the modeling process and mainly studies the vibration excitation of a three axis transmission.
Brief Description of the Modeling Process
This chapter takes an AMT of a pure electric bus as the research object. This transmission has three axles; its basic structure is shown in Figure 1 . Gear transmission system comprises 4 gear pairs and achieves 4 shifts. The basic parameters and speed ratios are shown in Table 1 .
In order to simplify the modeling steps, we only consider the main problem of the vibration of gear system and ignore the factors that have little influence on the gear dynamic characteristics. We make the following assumptions about the gear system.
(1) The gear is regarded as concentrated mass and mass concentrates on the center of mass position. The interaction of two gears at the gear pair is simplified to a spring with variable stiffness. Stiffness of spring equals to time-varying meshing stiffness of gear pair. Ignore the backlash and friction on tooth surface. And the influence of error and meshing impact are not considered.
(2) Each axle is dispersed and simplified as a beam element.
The mass of bearing is not considered. The bearing is simplified as a spring of three directions which has 2 radial stiffness and an axial stiffness. Ignore the angle stiffness and coupling stiffness of the bearing. Three shaft transmission system is mainly composed of an input shaft, intermediate shaft and output shaft, gears, bearings and gear box. Mass of the gear system distributes continuously, so its dynamic model is difficult to be built. Each axle should be dispersed and simplified as a beam element to build the dynamic model [3] . The gear is regarded as concentrated mass and we use lumped mass method to build the dynamic model of the gear pairs. In this way, we get the dynamic model of the whole gear transmission system except the gearbox. The gear transmission system is transformed from a continuum and infinite degree of freedom to a finite degree of freedom which is easy to be modeled, solved and analyzed. Figure 2. shows the basic structure of the transmission gear system after discretization. The actual discretization scheme, the number of nodes and units are determined by the actual structure and calculation accuracy requirements of the gear transmission system. 
Analysis of Dynamic Response
This section takes the gear system of the transmission in the pure electric bus as the research object. Based on the modeling method in section 1. the stiffness matrix, damping matrix and mass matrix of bearing element, gear meshing element and shaft element are calculated according to the basic parameters of the gear system. The whole dynamic model of the gear system is established according to the dynamic equation of the system. Then, we use the numerical solution method to solve the dynamic equation.
We calculate the basic parameters of the gear system. According to the method of establishing the dynamic model of each element in section 1. the mass matrix, stiffness matrix and damping matrix of bearing, gear and shaft element are calculated by MATLAB software [4] . In the dynamic model, speed of the input shaft is 1500r/min, and the input torque is 400Nm. We use the New mark-beta method mentioned to solve the dynamic equation. If we set step size as 0.0001 and the calculation time is 0.1s, we can easily do the Fast Fourier Transform for the time-domain results. We can get the frequency response of the bearing seat of the output shaft by solving the dynamic equation of the gear system and using FFT method as shown in Figure 3 . (1) In Eq.1, z is the number of driving gear n is the speed of driving gear, its unit is r/min . By calculation, the meshing frequency of constant meshing gear is 600Hz. The meshing frequency of gear pair in the third shift is 530.2Hz.From Figure 3 . we can know that the main frequency component of vibration response is the meshing frequency and frequency multiplication of the constant meshing gear. It can be seen from the Figure 3 . that the amplitude of vibration acceleration near 1800Hz is the largest. The frequency coincides with the triple meshing frequency of the constant meshing gear. The calculation results of the vibration response are applied to the vibration response analysis of the gearbox. The results coincide with the results of the bench test. The peak frequency is basically the same. This shows that the model can reflect the dynamic characteristics of the gear system in transmission.
Analysis of Influencing Factors on Dynamic Response
This section is based on the established dynamic model to research the influences of the external factors such as input speed, input torque and the internal factors such as time-varying meshing stiffness on the dynamic response of the gear system. In this way, we can further understand the dynamic characteristics of the transmission.
(1) Effect of input speed on dynamic response Other conditions are unchanged, when the input speed is 1200 r/min and1500 r/min, the dynamic response of the output shaft bearing node in the Y direction is shown in Figure 4 . and Figure 5 . When the input speed increases, the acceleration of the output shaft bearing node in Y direction increases, and the vibration peak frequency also varies with the rotational speed. When the speed is 1200r/min, the vibration peak appears around 1440Hz. According to Eq.1, the meshing frequency is 480Hz when the input speed is 1200r/min, that is, the peak of vibration acceleration appears at triple frequency of the constant meshing gear. (2) Effect of input torque on dynamic response Other conditions are unchanged, when the input torque changes, dynamic response of the output shaft bearing node in Y direction is shown in Figure 6 . and Figure 7 . When the input torque increases, the acceleration of the bearing node of the output shaft in Y direction has little change at low frequency while the acceleration increases at high frequency. Generally, the input torque has little influence on the dynamic response of the gear system. 
Conclusion
According to the characteristics of the gear system in a three axis transmission, the finite element method and the lumped parameter method are used to establish the dynamic model of the bearing, the dynamic model of the shaft element and the meshing dynamic model of the gear pair. Based on the idea of finite element modeling, the mass matrix, stiffness matrix and damping matrix of the equations of the three models are assembled. The dynamic equations of the gear system in the third shift are established and solved. The influence factors of dynamic response of the system are researched. The input speed and time-varying meshing stiffness fluctuation have great influence on dynamic response of the gear system. When the input speed is high and the time-varying meshing stiffness is large, the amplitude of vibration acceleration increases obviously. However, the magnitude of input torque has no obvious effect on the amplitude of vibration acceleration.
